After a mean follow-up period of 26 months (range 12-42 months), according to the International Knee Documentation Committee score, 14 patients (93.3%) became normal and near normal, whereas one patient (6.7%) was abnormal. The Lysholm score changed from 56 points preoperative (range 30-72) to 93 points (range 45-100) at the end of follow-up. Thirteen patients (86.6%) had normal Lachman and anterior drawer tests results. Twelve patients had negative pivot shift test. Nine patients (60%) had near normal thigh girth in comparison with the healthy side. All 15 patients reached 100% range of motion in comparison with the other healthy side at the end of follow-up.
Introduction
The anterior cruciate ligament (ACL) reconstruction is a common procedure. The conventional arthroscopic transtibial ACL reconstruction technique is still the most frequently performed operation. However, osteoarthritic changes at midterm follow-up [1] and knee pain or residual instability are still observed. A recent meta-analysis has shown that no more than 60% of the patients make a full recovery after single-bundle ACL reconstruction [2] [3] [4] .
In recent years, there is an increasing interest in doublebundle (DB) ACL reconstruction to improve the anatomic [5] , biomechanical [6] , and clinical outcome of the procedure. Usually, the reconstruction of the anteromedial (AM) and posterolateral (PL) bundle is performed with tendon grafts, for example, the autologous semitendinosus and gracilis tendons [7] . The success of reconstruction depends on three major factors: biological, mechanical, and rehabilitational. The surgical outcome depends on the ability of the graft to reproduce the restraining action of the ACL and restore the normal kinematics of the knee [8] .
The aim of this study was to evaluate the outcome results of arthroscopic DB ACL reconstruction using the four-tunnel technique with autograft hamstring tendons for athletic patients suffering from unstable knee due to ACL injury, using the traditional methods of evaluation.
Patients and methods
Between 2006 and 2008, 15 athletic male patients suffering from ACL injury were operated upon in Benha University Hospital. All patients were available for the postoperative follow-up evaluation for a duration between 12 and 42 months (mean 26 months).
The selection criteria of our patients depend mainly upon careful meticulous history-taking, analysis of patient's complaint, the preinjury level of activity, and 
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The aim of the study was to evaluate the outcome of arthroscopic DB ACL reconstruction using the four-tunnel technique with autograft hamstring tendons for athletic patients.
Patients and methods
Fifteen athletic male patients suffering from ACL injury with a mean age at the time of operation of 24.3 years (average 18-34 years) were operated upon using four-tunnel technique, and fixation was carried out by two femoral end buttons and two tibial interference screws.
Two femoral tunnels were made first through the AM portals (Fig. 1a-d ) followed by two tibial tunnels ( Fig. 1e and f ) . After preparation of the tendons for grafting, the grafts were passed through the tunnels and hanged on the distal femoral cortex by the end buttons (Fig. 2a) . The distal ends of the grafts were fixed to the tibia by two interference screws (Fig. 2b) . Suction drain was used in some patients at the graft harvesting site in some cases only. Skin closure was performed, then crepe bandage was rolled around the knee and the knee was put in knee brace, which was locked in full extension.
Postoperative program
Physiotherapeutic exercise program was started from the first postoperative day including treatment to reduce swelling and promote movement using the CPM. The joint should gain pain-free flexion up to 90° in the first postoperative week. Straight-ahead walking was permitted from the postoperative week, if the gait pattern was normal. Postoperative rehabilitation program popularized by Shelbourne et al. [9, 10] was used until complete recovery. The physiotherapy program was supervised by the operating team surgeons. The patients were reviewed every week during the first month, every 2 weeks during the second month, and by the end of the third month.
Evaluation
Patients were evaluated before operation and after operation at the end of follow-up period according to the subjective methods, using the International Knee Documentation Committee (IKDC) [11] score system and Lysholm [12] score system, and objective methods including the Lachman test, pivot shift test, anterior drawer test, range of motion, and postoperative thigh girth. Nonparametric analysis was performed with the Wilcoxon signed-rank test for comparison of preoperative clinical examination. Radiography and MRI were performed routinely for every patient, and the diagnosis was carried out on the basis of clinical correlation.
The mean age of the patients at the time of operation was 24.3 years (range 18-32.6 years). The average time passed between the injury and the operation was 9.6 months (range 3-17 months). The right side was affected in nine patients and the left side was affected in the other six patients. The cause of injury was related to sport in all 15 patients.
Clinically, all patients gave history of giving way, 10 patients gave history of pain, and seven patients gave a clear history of locking, which was attributed to associated meniscal lesions. All patients had positive Lachman and pivot shift tests. The Lachman test was graded 2+ (6-10 mm) in eight patients and 3+ (>10 mm) in seven patients. The pivot shift was graded 2+ (clunk) in 10 patients and 3+ (gross) in the other five patients.
According to the MRI examination of the patients, six patients only had meniscal injury, three patients had medial meniscus injury, two had lateral, and one patient had both medial and lateral meniscal injuries.
Surgical technique
All patients were operated upon under spinal anesthesia. They received preoperative antibiotic in the form of third-generation cephalosporin before the application of the tourniquet. Diagnostic arthroscopy was performed first and if there was a meniscal injury, meniscectomy was performed. Thereafter, harvesting the tendons of the semitendinosus and gracilis muscles for grafting was carried out. The notch was prepared. effusion, and he was in need for aspiration and cold fomentation. However, no massive effusion occurred in any other patient apart from mild to moderate effusion during the first 3 months postoperative. Two patients suffered from postoperative superficial wound infection of the donor site. They were in need to be hospitalized for more days and received antibiotics and daily dressing, and they relived within few days. There was no intra-articular infection or deep venous thrombosis.
Discussion
The recent biomechanical studies have revealed some interesting insight regarding the role of PL bundle in restoring knee stability. Biomechanical studies have shown that standard ACL reconstructions using either quadruple-loop hamstring or bone-patellar tendonbone grafts are successful at restoring anterior stability to the knee [13] .
In the development of the DB technique, some of these techniques used one tibial and one femoral and postoperative scores. The Pearson correlation coefficient was used for correlation analysis. P-value less than 0.05 was considered statistically significant.
Results

Subjective assessment
According to the IKDC score (Table 1) , 11 patients (73.3%) were normal, three patients (20%) were near normal, and one patient (6.7%) was abnormal at the end of follow-up period. The Lysholm score changed significantly (P < 0.002) from 56 points preoperative (range 30-72) to 93 points (range 45-100) by the end of follow-up.
Five patients (33.3%) suffered mild pain postoperative for few weeks. This pain was relieved by NSAIDs in four patients. This pain was related to meniscal excision. Only one patient was complaining of pain at the end of follow-up period.
By the end of follow-up period, two patients complained of giving way on severe exertion. There were no swelling and no graft harvest site pathology. All patients returned to their preinjury level of activity and sports except one patient.
Objective assessment
By the end of follow-up period, 13 patients (86.6%) had normal Lachman and anterior drawer tests results, one patient had near normal result, and the other patient had abnormal tests result in comparison with the healthy side.
Twelve (80%) patients had negative pivot shift test, two patients were near normal, and one patient was still abnormal but in slight degree in comparison with the preoperative results ( Table 2) .
Nine patients (60%) had near normal thigh girth in comparison with the healthy side, whereas three patients (20%) had 1 cm difference, two patients (13%) had 2 cm difference, and one patient (6.7%) had 3 cm difference when compared with the healthy side.
All 15 patients had 100% range of motion in comparison with the other healthy side at the end of follow-up period. There were four patients suffering from extension lag in the first few months after operation, but they gained full extension with physiotherapy (Fig. 3) .
Complications
There were no intraoperative complications in all 15 patients. One patient was complicated by severe IKDC, International knee documentation committee. 
Figure 3
Range of motion. All 15 patients had 100% range of motion in comparison with the normal healthy side at the end of follow-up period.
The postoperative thigh girth in nine patients (60%) was equal to the normal healthy side. This depends mainly on the postoperative physiotherapy.
Our results are comparable with results of the study that was presented by Colombet et al. [17] ; the authors reported the outcome of four-tunnel DB ACL reconstruction, with hamstrings in 33 patients after an average of 24 months postoperatively. Fixation was by means of two femoral endobutton and two absorbable oversized interference screws on the tibial side. In all, 94% of the patients had returned to sports after an average of 9 months following surgery, 75% returned to their preinjury sports level, and 84% had a negative pivot shift test.
Conclusion
ACL reconstruction with the DB technique is good for stability of the knee. Long-term studies should be performed and the number of patients should be increased.
tunnel, others used one tibial and two femoral tunnels or vice versa, and the rest used two femoral and two tibial tunnels [14] .
According to the dimensions of the femoral and tibial insertion site of the ACL, the restoration of the AM and the PL bundle necessitates not only two tibial and two femoral tunnels, but also an anatomic placement of each tunnel. In numerous ACL 'double-bundle' techniques, however, less attention was given to restore the footprint of the PL bundle from an anatomic point of view [14] . We used two femoral tunnels and two tibial tunnels to restore the anatomy of the ligament.
Our study included 15 male patients. Male individuals are more susceptible to injuries during sport, as they are more aggressive and participate in various activities. The mean age at surgery was 24.3 years, ranging from 18 to 32.6 years. This age reflects the highest level of activities in the human life. The causative trauma was sport-related, and this means that the main cause of ACL injury is sport-related activities and these people usually seek medical advice and proceed in the definitive management.
Giving way was the leading complaint for medical advice in all patients as we proceed to treat instability. Other symptoms were related to meniscal injury in seven patients, approved by MRI examination in six patients only. There was statistical difference between the preoperative and postoperative results of giving way. In all, 86.6% of the patients had no record of giving way postoperatively. Only two patients still had giving way on severe exertion at the end of follow-up.
The final subjective results as measured by IKDC at the last visit of follow-up revealed that 14 patients (93.3%) were normal and near normal. The documented clinical success rates of modern techniques of single bundle have varied between 69 and 95% in various series [15] .
In addition, the Lysholm score changed from 56 points preoperative (range 30-72) to 93 points (range 45-100) by the end of follow-up, and this reflects the satisfaction of the patients after the reconstruction.
With respect to the Lachman and pivot shift tests, there was significant difference between the preoperative and postoperative test at the end of follow-up. Fourteen patients had normal and near normal Lachman test and pivot shift test results. These results reflect the high stability after the operation.
The most important parameters used by Fu et al. [16] to evaluate the results of his cases of DB ACL reconstruction are the range of motion, ligamentous laxity, and the patient-oriented outcome.
